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ABSTRACT
This research work studies on the development of hydrotalcite mixed oxides as
an adsorbent for the heavy metal removal application. The main objective of the study
is to develop hydrotalcite mixed oxides which can adsorb optimum capacity of heavy
metals ions. This is because of the increasing of heavy metals content in water, soil as
well as food and also excess exposure to them can lead to damage in organism structure
especially human beings and aquatic life. Based on previous researches, characteristics
of hydrotalcite mixed oxides which are high surface area, porosity and basicity, are
effectives for adsorption process. Hydrotalcite mixed oxides will be synthesized by
using co-precipitation method and characterized to identify their composition, pore size,
surface area and surface morphology using the equipment such as X-Ray
Diffractometer (XRD), BET Surface Area Analyzer and Field Emission Scanning
Electron Microscope (FESEM). After characterization, the hydrotalcites mixed oxides
prepared will be tested for its efficiency in removing heavy metals suchas lead (Pb) and
chromium (Cr) ions in aqueous solutions. The concentration of heavy metals left in the
sample after adsorption process was measured by using Atomic Absorption
Spectrometer (AAS) to identify the percentage of adsorption. Optimum adsorption
capacity of heavy metals is expected to be the result for this research.
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1.1 Background Of Study
Rapid development of industrial sectors and urbanization in Malaysia lead to an
increase in heavy metals content in rivers, lakes, soil and also underground water.
According to Moon (2007), heavy metal is a metal element that has high density
between 4-5 g/cm3 which comes from transition elements group that is considered as
hazardous and accumulated in human bodies. Examples of heavy metals are zinc,
cadmium, copper, manganese, mercury, chromium, iron, arsenic and lead. The source of
heavy metals can be from natural processes or manmade since these metals occur in
Earth's geological structures. Mining and chemical industries are some of the examples
of main manmade source of heavy metals. Figure 1.1 shows one of the rivers that are
contaminated by heavy metals in China. China has been suffering chromium and
cadmium waste in 2009due to industrialization (Fang, 2009).
„C"S .
Figure 1.1: Heavy metals contamination in Xiangjiang River, China (Fang,
2009)
Some heavy metals are essential in human body with an appropriate dose. However, if
the dose is exceeded, it can lead to damage in organism structure. According to
Occupational Safety and Health Administration (OSHA), the effects of excessive












Table 1.1: Effects ofheavy metals (OSHA, 2013)
Effects
Nausea, diarrhea, tissue injury, genetic disease, anemia, chronic
liver disease
Increaseacidityofwater, dizziness, abdominal pain, nausea,
hemorrhagic pancreatitis
Fever, muscle ache, pneumonitis, irritation, pulmonary edema,
kidney failure, fragile bones
Skin rashes, stomach ulcers, respiratory problems, weakened
immune system, liverdamage, lungcancer, death, damagegills of
fish
Enzyme dysfunction, inflammation, cancer, bacterialgrowth
stimulant, diabetes, nervous system disease, hypertension, kidney
failure
Irritationto stomachand intestines, reduce production of red and
white blood cells, cancer, infertility, miscarriage, brain damage
Vomiting, diarrhea, coma, convulsion, death
Insomnia, memory loss, kidney failure, fatality, corrosive to skin,
brain damage, paralysis
Psychiatric illnesses, mental confusion, impaired memory,
neurological problems, kidney failure
1.2 Problem Statement
Increasing number of chemical industries give agreat impact to the environment since
high amount of effluents that contain heavy metals are produced from the chemical
process every day. Alot of technologies had been invented for heavy metals treatment
and control in order to improve the water resources as well as save human being and
environment. For example, the methods that are already used in waste water treatment
are lime based technology, ion exchange and through adsorption by using activated
carbon as the adsorbent. However, the previous treatments also have some limitations
and disadvantages in treating heavy metals from industrial waste. One ofthe drawbacks
is that only certain heavy metals ion can be removed. Besides, some of them require
very high operating and maintenance costs. Therefore, the methods are not cost
effective to be implemented since there are a lot of infrastructures needed. Some
treatment also needs to undergo difficult chemical process to achieve the purification of
wastewater. Based on the limitations ofprevious treatment, an effective method that can
overcome heavy metals problem should be discovered more. The investigations on
removing heavy metals using other type ofadsorbents such as hydrotalcites in Malaysia
are limited.
1.3 Objectives and Scope of Study
1. To synthesize and characterize Mg and Ni based hydrotalcites
2. To test the performance of hydrotalcite by removing heavy metals through
adsorption process
3. To obtain the optimum adsorption capacity of heavy metals ions using
hydrotalcite
This research will be focusing on synthesizing Mg-Ni-Al hydrotalcite. The Mg:Ni:Al
hydrotalcite will be prepared with two different molar ratios which are 2:1:1
(magnesium based) and 1:2:1 (nickel based) for optimum performance and will be
characterized by using XRD, FESEM and BET Surface Area Analyzer. Both
hydrotalcites will be tested for their ability to adsorb heavy metals ions in aqueous Cr
and Pb solutions. Agitation times as well as initial and final concentration of metal ions
are the important parameters involved throughout this experiment. This study focused
on the adsorption oftwo heavymetals ions which are lead (Pb) and chromium (Cr). The
results of the performance test will be analyzed to determine the amount of heavy
metals being adsorbed by using AAS. From the data obtained, optimum adsorption of
heavy metals ions by hydrotalcites was determined.
CHAPTER 2
LITERATURE REVIEW
2.1 Heavy Metals Problems in Malaysia
Heavy metals contamination around Malaysia is increasing. In Terengganu, it was
reported that the concentration ofmercury (Hg) and stannum (Sn) are high in rivers than
lake waters (Sultan et al., 2011). A few researchers study about the assessment ofheavy
metals in tilapia fish in Langat River and Engineering Lake in Bangi. It is reported that
the contaminations of heavy metals like copper and zinc found are higher in
Engineering Lake compared to Langat River (Taweel et al., 2013). According to the
results found, the allowable limit for tilapia fish consumption must be five times per
week or less to avoid any health effects. According to Zakaria (2008), mercury content
in Sungai Damansara, Selangor has exceeded the limit which is 3.9ppb. The acceptable
limit for mercury content in water sources is supposed to be only 2.00ppb. Therefore,
the water in Sungai Damansara is not safe since mercury can cause brain and kidney
damage to human being. A study about heavy metals content in soils and crops at ex-
mining land in southern Perak was carried out by Mender (2004). It is found that
Chinese radish has high Ni content while Pband Znarehigh in yam bean and cultivated
soil respectively. InBestari Jaya, Selangor, an assessment about heavy metals content in
soil and water of ex-mining area showed that Zn content is the highest in water at the
sampling station which is 121mg/L compared to Ni, As and Pb. Most of heavy metals
studies involves in Selangor due to the developing industries sectors there. Figure 2.1
shows the example ofriver in Malaysia which has been contaminated by heavy metals.
Figure 2.1: Heavy metals contamination in Malaysia (Leow, 2011)
One of thealternatives used in removing heavy metals is byusing post treatment
(Naji et al., 2010). This method use high quality limestone, gravel and clay bricks as the
medium to adsorb cadmium (Cd), lead (Pb), zinc (Zn), nickel (Ni), copper (Cu) and
chromium (Cr). The process repeated by increasing the amount of high quality lime
stone to obtain the maximum adsorption of heavy metals. The treatment proves that
high quality lime stone is able to adsorb maximum of 90% heavy metals from prepared
solution. Besides, an alternative solution to eliminate heavy metals is through
adsorption by using agricultural wastes such as rice husk and sawdust (Khan et. al.,
2004). Modified rice husk is reported to be effective in removing Cd, Cu and Pb from
aqueous solution due to its high adsorption capacity. Rice husk is able to adsorb Cd up
to 90%. However, other heavy metals like Ni (II) and Cu (II) cannot be removed
completely. Hence, a new method of treatment that can completely remove heavy
metals ions should be studied.
2.2 What is Hydrotalcite?
Natural hydrotalcite has a chemical formula of Mg6Al2(C03)(OH)i6.4(H20) and can be
found in nature in white orcolorless with molecular weight of603.98 g/mol. Synthetic
hydrotalcite is anionic clays and also known as layered double hydroxide (LDH) which
is similar to brucite, Mg(OH)2 structures. The name of hydrotalcite is referring to its
resemblance to talc and its characteristic which has high water content. Synthetic
hydrotalcite can be prepared by using co-precipitation method. Co-precipitation is the
process of precipitation ofmore than one substance simultaneously. Through hydrogen
bonding, the layers of hydroxides are stacked together. The general formula for
hydrotalcite is [M2+i-xM3+x(OH)2x]x+(An)x/n.mH20 where M2+ is Mg but can also be Ni,
Zn and Cu. M3+ is aluminium (Al) but may be chromium (Cr), manganese (Mn), cobalt
(Co) and ferum (Fe) (Stephenson, 2013). The layer of hydrotalcite consists of a basic
layer with positive charges.
Hydrotalcite can be used as additives for polymers, anion exchange, antacids,
and catalyst to accelerate reactions, catalyst support, nuclear waste treatment and also
sorbents (Stephenson, 2013). The hydrotalcite that undergoes thermal treatment which
is also known as calcined hydrotalcite has larger surface area and high porosity
(Gutierrez, 2009). Anirudhan et al. (2012) stated that high porosity and surface area of
hydrotalcite will increase the capacity of adsorption. According to Yunfeng Xu et al.
(2010), hydrotalcite has high anion exchange capacity which is very crucial in
adsorption process since it gives more efficiency in removing anionic contaminants.
Ocelli et al. (2003) found that hydrotalcite has strong basic properties that can be used
for removing sulfur oxides orany acidic airpollutants inatmosphere.
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Figure 2.2: Structure ofhydrotalcite (Cifkova et al., 2013)
23 Previous Research about Hydrotalcites as Adsorbents
A lot of studies had been done to study about the application of hydrotalcites as an
adsorbent. From the latest research, Chen and Song (2013) carried out a study about
removing Cr (VI) and Cu (II) by using chromotropic acid-intercalated Zn-Al
hydrotalcite. The hydrotalcite used in the study is prepared by using co-precipitation
method. Solution A is prepared with 12 g of 6.03 mol chromotropic acid (CTA) which
is dissolved in 50 ml C02 free deionized water. 2M of NaOH solution is added to make
the pH of solution neutral, 7 and then it is dissolved again in 200 ml of C02 free
deionized water. After that, the solution is mixed together with 23.8 g of 0.8 mol
Zn(N03)2.6H20 and 7.5 g of 0.02 mol A1(N03)3.9H20. For Solution B, 9.6 g of 0.24
mol NaOH is dissolved in 200 ml C02 free deionized water to form alkali solution.
Both solutions are mixed for 2 minutes with rotor speed of3000 rpm before being aged
at 97°C under N2 stream for 8 hours. Final product obtained is washed using water and
ethanol for five times and dried for 24 hours at 70°C. The result obtained from this
study is that the maximum adsorption of Cr (VI) is approximately 782 mg/g while Cu
(II) is about 450 mg/g.
Some researchers investigated about the adsorption of Arsenic by using Mg-Al-
CO3 hydrotalcite with a molar ratio of 2.87 (Dwadhal et al., 2011). Hydrotalcite used is
also prepared byco-precipitation method. The Arsenic solution used in this experiment
is from As205 powder. In this experiment, the effects of competing ions presence are
investigated. As the result, the presence of competing ions like SO42*, CI", CO32", NO3"
and F reduces the percentage of Arsenic adsorbed. Calcined hydrotalcite adsorbs
arsenic (As) and selenium (Se) more as stated by Yang et al. (2005). From the study
aboutadsorption of As and Se, it is concluded that the higher the hydrotalcite dose, the
higher adsorption of Se and As. According to Dawdhal et al. (2011), the presence of
competing ions reduces the ability of hydrotalcite to adsorb As. Figure 2.3 shows the
adsorption isotherm for As (V) removal experiment with the presence of competing
ions.
Equiltorium Concentration ippb-
Figure 2.3: Adsorption isotherm forAs(V) by hydrotalcite with the presence of
competing ions at a fixed initial concentration (Dawdhal et al., 2011)
Apart from that, a research has been carried out to studythe ability of Ni-Co-Cr
hydrotalcite in adsorbing hydrogen for hydrogen storage purpose. Salam et al. (2013)
stated that hydrotalcite with molar ratios of 1:2:1 (cobalt rich) gave significant
hydrogen adsorption below 100°C which is suitable for reversible system and also show
the major hydrogen adsorption at 180°C compared to hydrotalcite with molar ratio of
2:1:1 (nickel rich). From the research, Ni rich hydrotalcite reached a steady state earlier
compared to Co rich hydrotalcite. It is concluded that hydrotalcite is the best solution
forhydrogen storage due to good interaction energy of hydrogen molecule (Salam et al.,
2013). Anirudhan et al. (2012) has investigated about the adsorption of Cu (II) ions by
using 4-ethyl thiosemicarbide intercalated organophilic calcined hydrotalcite (ETSC-
OHTC). From the research, it is stated that the adsorbent which is hydrotalcite must
have an excellent stability for efficient adsorption. The adsorption of Cu (II) ions is the
best at pH of 5.5. Figure 2.4 shows the adsorption graph of Cu(II) by using ETSC-
OHTC. The adsorption reached equilibrium after 4 hours with a temperature of 303 K.
From the graph, it canbe seen thatCu(II) ionsare removed almost completely when 3.0
g ofadsorbent added in Cu(II) solution.
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Figure 2.4: Effect of adsorbent dose (m) on theadsorption of Cu(II) using
ETSC-OHTC (Anirudhan et al., 2012)
From the previous researches, it is proven that hydrotalcite is effective in
adsorption process dueto its high surface area, porosity and basic properties. Therefore,
from those properties of hydrotalcite and previous researches, this project will focus on
achieving an optimum adsorption capacity of heavy metals by using hydrotalcite mixed
oxides.
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2.4 Characterizations of Hydrotalcites
From previous researches, hydrotalcites are characterized by using XRD, FESEM and
BET Surface Area Analyzer. BET SurfaceArea Analyzer measures the surface area and
pore size distribution ofhydrotalcites by using gas adsorption and mercury porosimetry.
According to Fetter et al. (2000), the surface area for nitrated hydtrotalcites is lower
than carbonated hydrotalcite. This is due to the lower anion density in carbonate
hydrotalcites that cause more diffusion of N2. Hydrotalcites involved in their
experiment were labeled as hydrotalcite (HT), degasification temperature,
degasification time. Forexample HT 100/2 means hydrotalcite degasified at 100°C for 2
hours. R indicates that the experiment was repeated. N indicates there is no
degasification for the second time and Y refers to degasification for the second time.
Table 2.1 shows the results of characterization of nitrated hydrotalcite from BET
Surface Area Analyzer.
Table 2.1: Surface area from BET Surface Area Analyzer (Fetter et al., 2000)
Sample Surface area (m2/g) Loss ofmass (w%)
HT 100/2 3.0 ±0.1 5.0
HT 100/2 RY 3.0 1.7
HT 100/RN 2.2
-
HT 200/2 4.0 ±0.6 14.2
HT 200/2 RY 2.7 1.0
HT 200/2 RN 4.2
-
HT 300/2 7.3 ±1.0 16.0
HT 300/2 RY 13.2 2.0
HT 300/2 RN 7.2
-
HT 300/18 100.0 ±5.0 28.4
FESEM provides narrow probing beams at low and high electro energy to
produce spatial image while minimizing sample charging and damage. Figure 2.5 shows
11
the surface morphology of chromotropic acid-intercalated Zn-Al hydrotalcite from
FESEM. Chen and Song (2013) stated thatmorphology of chromotrpic acid-intercalated
Zn-Al hydrotalcite was slightly irregular hexagonal plate-like where the plate size is
around 3.5um.
Figure 2.5: FESEM image for chromotrpic acid-intercalated Zn-Al hydrotalcite
(Chen and Song, 2013)
In Figure 2.6, FESEM photographs show that HTC has a corn-flake structure while
ETSC-OHTC shows a heterogeneous nature. The particles for ETSC-OHTC are
aggregated which can enhance the adsorption capacity.










. ' - v_ A .' (
1
fl MNAM
; \ : o 9
.'. •. ;, »/NAM





















:• 10 20 30
2
40 50
1 i • i • i
60 n 40
Figure 2.7: XRD pattern ofMg-Ni-Al hydrotalcite with different molar ratios
(Salam etal., 2013)
Figure 2.7 shows the result from XRD analysis of different molar ratios of
hydrotalcite mixed oxides Mg-Ni-Al which are 3:0:1, 2:1:1, 1:2:1 and 0:3:1. According
to Salam et al (2013), this XRD pattern indicates full decomposition of the precursors of
synthesized materials at calcination temperature which lead to various oxide
derivatives. It proves that the samples analyzed have hydrotalcite structure. Figure 2.8
shows XRD patterns for ETSC-OHTC. The broad peaks reflect that the material is
slightly disordered. This is due to the entering of other molecules into the hydrotalcite
interlayer space.
Figure 2.8: XRD patterns of HTC (A), ETSC-OHTC (B)andCu(II)-ETSC-
OHTC (C) (Anirudhan et al., 2012)
13
Figure 2.9 shows the XRD spectrum of hydrotalcite-like compound that was prepared
with the ratio of Mg/Al equals to two. The diffraction patterns proved that the sample
has double layered structure (Gutierrez, 2009).
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Figure 2.9: XRD spectrum of hydrotalcite likecompound (Gutierrez, 2009)
2.5 Principles of Adsorption
Adsorption is a process where ions, molecules or bimolecules ofgas, liquid or dissolved
solid are attached to the surfaces. Adsorption can be divided into two depending on its
adsorbate and adsorbent. Adsorbate is the gas, solute or liquid which is being adsorbed
while adsorbent is the liquid or solid which the adsorption occurs. There is physical
adsorption (physisorption) where the force of attraction between adsorbate and
adsorbent is Van derWaal's forces and also chemical adsorption (chemisorption) which
the strength of its force of attraction is almost the same as chemical bonds. The
important factors that influenceadsorption capacities are:
• The nature of adsorbent and adsorbate
• The surface area of adsorbent
• Operating condition ofexperiments
14
The rate of adsorption is directly proportional to the surface area of adsorbents. Large
surface area will give high adsorption extend (Walter, 2013). The adsorbents will
adsorb large amounts of molecules into pores on their surface. These pores have a large
active surface area that helps the adsorption process to occur. Adsorbents can be
classified according to the average diameter of their inner pores. The classes of pores
size are as the following:
Table 2.2: Classification ofadsorbents ("Basic Principal ofAdsorption", 2013)
Adsorbents Average Diameter
Micro porous 2A-20A
Meso porous 20 A - 500 A
Macro porous >500A
The unit is in A, angstrom, the unit of length which equals to one billionth of a
meter, 10" m. The common adsorbents used are silica gel, zeolites and activated
carbon. Silica gel is used as adsorbent in drying of gases, refrigerants, organic solvents
and also for dew point control of natural gas. Silica gel is porous and gives high affinity
for water vapors. Removal of odor from gases, sulfur and nitrogen oxides, purification
of helium, water purification as well as recovery of solvent vapors commonly use
activated carbon as the adsorbents. Activated carbon has very high porosity and surface
area that gives high adsorption capacity. Zeolites are applied in carbon dioxide removal
from natural gas and also in the drying of process air. Zeolites has strong electrostatic




Figure 2.10: (a) Silica gels and (b) zeolites
Figure 2.11: Activated carbon
16
Adsorption is studied by using graphs which is known as adsorption isotherms.
These isotherms are defined as the adsorption capacity. Adsorption isotherm is the
function of amount of adsorbate on the adsorbent and the pressure or concentration at a
constant temperature. Adsorption isotherms help to classify adsorbents into six different
types as below("Basic Principle of Adsorption", 2013):
• Type I Isotherms
- This isotherms show the characteristics of micro porous adsorbent. The
forces involve in attracting the molecules are Van der Waals forces.
Adsorbents included under Type I are silicagel and charcoals.
• Type II Isotherms
- Type II gives the features for non-porous surfaces, macro-porous
adsorbents and also compacted powders. Graphitized carbon and
compact powderofsilicaare examples for Type II isotherm.
• Type III Isotherms
- Non-porous or macro-porous solids belong to this isotherm. For
examples polymers and silica aero gels. The intermolecular forces
between adsorbate molecules are strongerthan forces between adsorbent
and adsorbate.
• Type IV Isotherms
- This class is most observed for meso-porous adsorbents. The
intermolecular forces are thesame as forces for type I and II isotherms.
• Type V Isotherm
- It is similar in nature to type III isotherms but with the different average
pore size. The pore size is smaller. Example for this class is the
adsorption oforganic vaporson meso-porous adsorbents.
• Type VI Isotherm
- Stepwise adsorption in multilayer exhibited on a macro-porous or non-
porous adsorbent. Adsorption for each layer is similar to type II
isotherm. For example, the adsorption of argon and krypton on
graphitized carbon.
17
Figure 2.12 below shows the adsorption isotherm diagram for each of isotherm types



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 2.3 above shows the summary of literature reviews studied for this project
related to the application of hydrotalcites as the adsorbents. There are a lot ofresearches
about hydrotalcite as heavy metals adsorbents done by researchers in other countries
compared to Malaysia. For example, Chen and Song (2013) proved that hydrotalcites
had capability to remove almost 90% to 95% of heavy metals ions such as Cr andCu. In
Malaysia, there is a study about hydrotalcite as hydrogen adsorbent instead of heavy
metals adsorbent by Salam et al. (2013). From the study, it was concluded hydrotalcite
can be the best solution in storing hydrogen since it gave high adsorption capacity.
Apart from that, the development of new hydrotalcite which is ETSC-OHTC by
Anirudhan etal. (2012) also shows the ability ofhydrotalcite in removing heavy metals
ion since it remove almost completely of Cu ions inaqueous solution.
Dawdhal et al. (2011) and Yang et al. (2005) had studiedthe removal of As ions
by using hydrotalcites. Both researches showed the optimum adsorption capacity ofAs
ions by hydrotalcite and proved that calcined hydrotalcite performed better in
adsorption process due to high surface area after calcination at 500°C compared to
uncalcined hydrotalcites. The technologies of removing Boron also included the
adsorption using hydrotalcite as one of the methods. This study showed that
hydrotalcite can be regenerated after being used to remove 93.5% of Boron (Xu and
Jiang, 2008). Last but not least, hydrotalcite was also studied in the sorption of
radioactive 1:!,T which proved that sorption increased when the calcination temperature
of hydrotalcite increased.
From the summary of the hydrotalcite related researches, the authors highlight
about the high ability ofhydrotalcite as adsorbents. Therefore, this project is relevant to





1. Preparation of chemicals, glassware and equipment to be used throughout the
project. The list ofchemicals and glassware will berequired are:










Filter paper 2 boxes
Big petri dish 3-4













Lead (II) nitrate 250g
Chromium solution 1L
23
2. Synthesis of Hydrotalcite mixed oxidescompounds
• Mg-Ni-Al hydrotalcites will be prepared by using co-precipitation
method with sodium carbonate as precipitating agent referring to the
optimum performance given bythe hydrotalcite according to Salam et al.







• Mg-Ni-Al hydrotalcitewas prepared with two different molar ratio
which were2:1:1 and 1:2:1 for 50g each
• Table 3.2 shows themass of Mg, Ni andAl used to synthesize both
ratios of hydrotalcite referring to Salam et al. (2013).










2:1:1 21.74 12.33 15.91 48.84
Mg-Ni-Al -
1:2:1 10.56 23.97 15.46 47.47
24
The procedure of synthesizing Mg-Ni-Al = 2:1:1 hydrotalcites are as
below:
Mg, Ni and Al were weighted according
to the mass in Table 3.2
All of the chemicals were dissolved in
113 mL, 56 mL and 170 mL of distilled
water respectively and heated at 60 -
70°C while stirring at speed of 3 - 4
rpm until the solutes were completely
dissolved and produced clear solution
48.84 g sodium carbonate (Na2C03)
was dissolved in 341 mL of distilled
water and heat at 60 - 70°C while
stirring at 3 - 4 rpm of speed until the
solution became clear.
25
Mg, Ni and Al solutions were mixed
altogether in 1 L beaker and stirred for a
while using a glass rod.
Na2C03 was titrated with the mixture of
mixed oxides for 30 minutes at the speed
of 3 - 4 rpm. The temperature during
titration was maintained at 55°C
After titration completed, the solution was
filtered.'
Gel produced after filtration was scrapped
by using spatula and kept in a petri dish to
be dried in the oven at 110°C for 12 hours.
26
After 12 hours drying, took out the hydrotalcite from oven and
ground it to form powder.
Hydrotalcite was kept in the vials
and labeled once the preparation
was finished. The procedures




• The samples ofhydrotalcites obtained from the synthesis were analyzed
comparatively by a number of techniques such as XRD, BET Surface
Area Analyzer and FESEM to determine its structure, surface area and
morphology.
Figure 3.1: XRD Figure 3.2: BET Surface Area
Analyzer




• The performance ofhydrotalcites as adsorbents will be tested in aqueous
metals solution which were Cr and Pb solutions. The steps for
performance test are shown below:
Cr and Pb solutions were prepared. Cr
solution was prepared with the
concentration of 5 mg/L while Pb was
prepared with concentration of 100
mg/L.
The pH of both metals solutions
were adjusted by using acetic
acid. pH ofCr was adjusted to 3
while Pb was adjusted to be pH
of4 with pH meter.
0.3 g of Mg-Ni-Al hydrotalcite with ratio
of 2:1:1 was added into 150 mL of Cr
solution. 7 samples of Cr solution with
hydrotalcite were prepared. The conical
flasks were covered with aluminium foil.
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All samples were labeled according
to agitation times which were 20 min,
40 min, 1 hr, 2 hrs, 4 hrs, 6 hrs and
24 hrs respectively. AH samples were
kept in water bath shaker at 25°C
with speed of 240 rpm for the
specified time.
After shaking for the specified time in
the water bath shaker, the samples were
taken out and filtered using filter paper.
After filtration, the filtrate was kept
in vials. The same procedures were
repeated by using Mg-Ni-Al
hydrotalcite with ratio of 1:2:1 and
Pb solutions.
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Final concentration of Pb and
Cr solutions were analyzed by
using AAS. The percentage of
adsorption was determined. \""1
3.2 List of Analytical Equipment
The analytical equipment that will be used in characterization and performance test are
listed in Table 3.3.
Table 3.3: List of analytical equipment will be used
Equipment
X-Ray Diffractometer (XRD)
Field Emission Scanning Electron
Microscope (FESEM)





To identify crystalline species in the
hydrotalcite
To study the surface morphology,
orientation and composition of
hydrotalcites
To measure the specific surface area of
the hydrotalcites
To provide shaking motion the mixture of
hydrotalcite and make-up solutions for
adsorption process
To measure the concentration of heavy







Figure 4.1: XRD of Mg-Ni-Al 1:2:1
Figure 4.2: XRD for Mg-Ni-Al 2:1:1
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From the figures above, both results from XRD analysis show sharp and symmetric
peaks at low value of 2-theta. This indicates that the samples analyzed have
characteristic of hydrotalcites and it consist of one phase only. XRD analysis of the
sample synthesized proves that the formation ofhydrotalcite is successful.
4.2 BET Surface Area Analysis






Mg:Ni:Al = 2:1:1 325 13.5 1.09
Mg:Ni:Al = 1:2:1 284 13 0.92
After XRD analysis that proves the formation of hydrotalcite, surface area and pore size
of hydrotalcite are analyzed. From Table 4.1, it shows that Mg-Ni-Al 2:1:1 has higher
surface area which is 325 m2/g compared to Mg-Ni-Al 1:2:1. According to BET
analyzer, both hydrotalcites has large pore size which proves that the optimum
adsorption of heavy metals can be achieved. Large pore size indicates that the
hydrotalcites have high porosity surface which plays the important roles in adsorbing Cr
and Pb ions.
4.3 FESEM Analysis
Figure 4.3 and Figure 4.4 show the images from FESEM analysis. Morphology ofMg-
Ni-Al 1:2:1 hydrotalcite in Figure 4.3 shows the sponge-like image due to the
overlapping of platelets structure. Platelets structure indicates that the sample has
layered structure (Sumeet et al., 2007). Meanwhile, FESEM image shows coral like
particles ofMg-Ni-Al 2:1:1 hydrotalcite in Figure 4.4 which means that hydrotalcite isa
porous material corresponding to large pore size obtained from BET analysis (Misra
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and Perrotta, 1992). Besides, coral like morphology indicates that the pH of solution is
10 during the synthesis of hydrotalcite which means it has basic property (Salam et al.,
2013).
Figure 4.3: Morphology ofMg-Ni-Al =1:2:1 from FESEM
Figure 4.4: Surface of Mg-Ni-Al = 2:1:1 which hascoral-like particles from
FESEM
34
4.4 Adsorption of Chromium and Lead Ions
Concentration of Cr Vs Time




Figure4.5: Graph for concentration ofCr versus agitation time
Percentage of Cr adsorbed vs Time




Figure4.6: Percentage of Cr adsorbed by hydrotalcite
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Concentration of Pb vs Time
150
Time(min)
Pb + Mg-Ni-Al 1:2:1
-«-Pb +Mg-Ni-Al 2:1:1


















Pb + Mg-Ni-Al 1:2:1
Pb + Mg-Ni-Al 2:1:1
Figure 4.8: Percentage ofPb adsorbed by hydrotalcite
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Referring to Figure 4.5, the concentration of Cr solution after adsorption by using Mg-
Ni-Al 2:1:1 is lower compared to using Mg-Ni-Al 1:2:1which indicates that more Cr
ions are adsorbed. According to the data obtained from AAS, the percentage of
adsorption is calculated by using the formula below:
C — C
% Adsorption = -2——- x 100
Where C0 = Initial concentration of heavy metals solution (mg/L)
Cf= Final concentration ofheavy metals solution (mg/L)
The trends of graphs in Figure 4.6 and Figure 4.8 show the behavior of
adsorption isotherm Type I which indicates that hydrotalcites are micro porous
materials which attract Cr and Pb ions to the surface by Van der Waals forces. Since
hydrotalcites are anionic with layered of hydroxides, high capacity of heavy metals ions
can be attracted which lead to high percentage of adsorption. Mg-Ni-Al 2:1:1
hydrotalcite can adsorb 89.2% of Cr while Mg-Ni-Al 1:2:1 adsorbs 82.6% of Cr ions
after 24 hours. In Figure 4.7, the final concentration ofPb solution after 20 minutes and
onwards shows negative values. These values mean that there is no Pb ions detected in
the solution. Thus, it can be concluded that 100% of Pb ions are removed from the
solution by both hydrotalcites as can be seen in the graph from Figure 4.8. From the
experiment, agitation time also plays an important role in removing optimum capacity
of heavy metals ions. The concentration of heavy metals ions decreases inversely with




The application ofhydrotalcite as the adsorbent has been widely recognized. However,
only a few researches were carried out to investigate about the ability ofhydrotalcite in
adsorbing heavy metals. This study emphasizes on the removal of heavy metals ions
such as lead and chromium from aqueous metal solutions and real water sample from
lake and rivers. From this report, hydrotalcite Mg-Ni-Al with molar ratios of2:1:1 (Mg
based) and 1:2:1 (Ni based) were synthesized using co-precipitation method. Both
hydrotalcite were characterized by using BET Surface Area Analyzer, FESEM and
XRD to analyze its morphology, pore size and hydrotalcite structures. According to the
BET results, Mg-Ni-Al hydrotalcite with ratio of 2:1:1 has higher surface area
compared to Mg-Ni-Al with 1:2:1 ratio which is 325 m2/g. From BET result, it can be
concluded that Mg based hydrotalcite is able to adsorb high capacity ofheavy metals
ion compared to Ni based hydrotalcite since it also has high pore size which is 13.5 run.
Furthermore, FESEM images show the surface of Mg-Ni-Al 1:2:1 hydrotalcite with
coral like particles aswell as porous surface ofMg-Ni-Al 2:1:1.
For the performance test of hydrotalcite, the final concentrations of Cr and Pb
solutions after 20 min, 40 min, 1hr, 2 hrs, 4 hrs, 6 hrs and 24 hrs agitation times were
analyzed by using AAS. From the observation during experiment, Cr solution showed
color changes after undergoing adsorption process with hydrotalcite. The yellowish
color ofCr solution became clear after adding hydrotalcite. This showed that adsorption
had taken place in the metal solutions. After adsorption process, hydrotalcite is able to
remove 82-89% ofCr and 100% ofPb.
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Based on the experiment carried out, hydrotalcites are proven to be one of the
alternatives that can beused in heavy metals treatment ashydrotalcites showed effective
adsorption capability. According to the characteristics ofhydrotalcites which are high
porosity, high surface area and high anion exchange, it is recommended to implement
the use ofhydrotalcites in waste water treatment. The treatment ofheavy metals using
hydrotalcites is a fast process and cost effectives. It does not require complicated
chemical reactions and infrastructures toapply hydrotalcites in treating industrial waste.
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1) Literature Review and Research Works Week 6FYP (I)
2) Proposal Defense Week 8FYP (I)
3) Preparation ofchemicals and glassware Week 13 FYP (I)
4) Synthesis and Characterization ofHydrotalcite Week 4FYP (II)
5) Hydrotalcite Performance Test Week 10 FYP (II)
6) Report Writing- Week 15 FYp (II)
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APPENDIX C: Results from AAS Analysis






1:2:1 2:1:1 1:2:1 2:1:1
0 5 5 5 0 0
20 5 4.5706 4.4510 8.6 11.0
40 5 4.4356 3.2086 11.3 31.2
60 5 3.7424 1.8466 25.2 63.1
120 5 2.3743 1.3319 52.5 73.4
240 5 1.8681 1.0098 62.6 80.0
360 5 1.5184 0.7301 69.6 85.4
.440 5 0.8712 0.5399 82.6 89.2






1:2:1 2:1:1 1:2:1 2:1:1
0 100 100 100 0 0
20 100 -0.1144
-0.1179 100 100
40 100 -0.1961 -0.1961 100 100
60 100
-0.1961 -0.1981 100 100
120 100 -0.2288
-0.2125 100 100













Material Safety Data Sheet
Aluminum nitrate nonahydrate MSDS
Section 1: Chemical Product and Company Identification




TSCA: TSCA 8(b) inventory: Aluminum nitrate nonahydrate
Cl#: Not available.
Synonym:









CHEMTREC (24HR Emergency Telephone), call:
1-800-424-9300
International CHEMTREC, call: 1-703-527-3887
For non-emergency assistance, call: 1-281-441-4400
Section 2: Composition and Information on Ingredients
imposition:
Name CAS# % by Weight
Aluminum nitrate nonahydrate 7784-27-2 100
txicological Data on Ingredients: Aluminum nitrate nonahydrate: ORAL (LD50): Acute: 3632 mg/kq [Rati 3980 ma/ka
ouse]. 4280 mg/kg [Rat]. •"-»»#• ay
-
Section 3: Hazards Identification
(tential Acute Health Effects:
izardous in case of skin contact (irritant), of eye contact (irritant), of ingestion, of inhalation. Slightly hazardous in case of
in contact (permeator). Prolonged exposure may result in skin bums and ulcerations. Over-exposure by inhalation mav
use respiratory irritation.
>tential Chronic Health Effects:
^RCINOGENIC EFFECTS: Not available. MUTAGENIC EFFECTS: Not available. TERATOGENIC EFFECTS" Not available
:VELOPMENTAL TOXICITY: Not available. The substance is toxic to lungs, mucous membranes. Repeated or prolonqed
posure to the substance can produce target organs damage.
Section 4: First Aid Measures
e Contact:
P
;heckfor and remove any contact lenses. In case ofcontact, immediately flush eyes with plenty of water for at least 15
linutes. Cold water may be used. Get medical attention.
kin Contact:
i case of contact, immediately flush skin with plenty of water. Cover the irritated skin with an emollient. Remove contaminal
lothing and shoes. Cold water may be used.Wash clothing before reuse. Thoroughly clean shoes before reuse. Get medics
ttention.
erious Skin Contact:
i/ash with a disinfectant soap and cover the contaminated skin with an anti-bacterial cream. Seek medical attention.
lhalation:
inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, give oxygen. Get medical
ttention.
erious Inhalation:
vacuate the victim to a safe area as soon as possible. Loosen tight clothing such as a collar, tie, belt or waistband. If
reathing is difficult, administer oxygen. Ifthe victim is not breathing, perform mouth-to-mouth resuscitation. Seek medical
ttention.
igestion:
o NOT induce vomiting unless directed to do so by medical personnel. Never give anything by mouth to an unconscious
srson. Loosen tightclothing such as a collar, tie, beltor waistband. Get medical attention if symptoms appear.
erious Ingestion: Not available.
Section 5: Fire and Explosion Data
lammability of the Product: Non-flammable.
uto-lgnition Temperature: Not applicable.
lash Points: Not applicable.
lammable Limits: Not applicable.
roducts of Combustion: Not available.
ire Hazards in Presence of Various Substances: Not applicable.
xplosion Hazards in Presence of Various Substances
isks ofexplosion ofthe product in presence ofmechanical impact: Not available. Risks ofexplosion ofthe product in
esence of static discharge: Not available.
re Fighting Media and Instructions: Not applicable.
pecial Remarks on Fire Hazards: Not available.
E>ecial Remarks on Explosion Hazards: Not available.
Section 6: Accidental Release Measures
nail Spill: Use appropriate tools to put the spilled solid in a convenient waste disposal container.
irge Spill:
xidizing material. Stop leak if without risk. Avoid contact with a combustible material (wood, paper, oil, clothing...). Keep
ibstance damp using waterspray. Donottouchspilled material. Prevententry into sewers, basements or confined areas;
<e ifneeded. Call forassistance on disposal. Be careful that the productis not present at a concentration level above TLV.
leek TLV on the MSDS and with local authorities.
Section 7: Handling and Storage
recautions:
eep away from heat. Keep away from sources of ignition. Keep away from combustible material.. Do not ingest. Do not
reathe dust. Wear suitable protective clothing. In case of insufficient ventilation, wear suitable respiratory equipment. If
igested, seek medical advice immediatelyand show the container or the label. Avoid contact with skin and eyes.
torage:
eep containertightly closed. Keep container in a cool, well-ventilated area. Separate from acids, alkalies, reducing agents
rid combustibles. See NFPA 43A, Code for the Storage of Liquid and Solid Oxidizers.
Section 8: Exposure Controls/Personal Protection
ngineering Controls:
se process enclosures, local exhaust ventilation, or other engineering controls to keep airborne levels below recommendec
xposure limits. If user operations generate dust, fume or mist, use ventilation to keep exposure to airborne contaminants
slow the exposure limit.
ersonal Protection:
plash goggles. Lab coat. Dust respirator. Be sure to use an approved/certified respirator or equivalent. Gloves.
ersonal Protection in Case of a Large Spill:
plash goggles. Full suit. Dust respirator. Boots. Gloves. A seff contained breathing apparatus should be used to avoid
halation of the product. Suggested protective clothing might not be sufficient; consult a specialist BEFORE handling this
•oduct.
xposure Limits:
i/VA: 2 Consult local authorities for acceptable exposure limits.
Section 9: Physical and Chemical Properties
hysicai state and appearance: Solid.
dor: Not available.
aste: Not available.
oiecular Weight: 375.13 g/mole
olor: Not available.
H (1% soln/water): Not available.
oiling Point: Decomposition temperature: 135°C (275°F)
elting Point: 73°C (163.4°F)
ritical Temperature: Not available.
pecific Gravity: 1.058 (Water = 1)
apor Pressure: Not applicable.
apor Density: Not available.
:>latility: Not available.
dor Threshold: Not available.
ater/Oil Dist. Coeff.: Not available.
nicity (in Water): Not available.
ispersion Properties: See solubility in water.
}lubility:
asily soluble in cold water. Soluble in hot water.
Section 10: Stability and Reactivity Data
tability: The product is stable,
•stability Temperature: Not available.
onditions of Instability: Not available,
(compatibility with various substances: Not available.
orrosivity: Non-corrosive in presence of glass.
pecial Remarks on Reactivity: Not available.
pecial Remarks on Corrosivity: Not available.
olymerization: Will not occur.
Section 11: Toxicological Information
outes of Entry: Eye contact. Inhalation. Ingestion.
jxicity to Animals: Acute oral toxicity (LD50): 3632 mg/kg [Rat].
rtronic Effects on Humans: Causes damage to the following organs: lungs, mucous membranes.
ther Toxic Effects on Humans:
azardous in case of skin contact (irritant), of ingestion, of inhalation. Slightly hazardous in caseof skin contact (permeator)
jecial Remarks on Toxicity to Animals: Not available.
>ecial Remarks on Chronic Effects on Humans: Not available.
jecial Remarks on other Toxic Effects on Humans: Not available.
Section 12: Ecological Information
;otoxicity: Not available.
3D5 and COD: Not available.
oducts of Biodegradation:
issibly hazardous short term degradation products are not likely. However, long term degradation products may arise.
ixicity of the Products of Biodegradation: The productsof degradation are more toxic.
lecial Remarks on the Products of Biodegradation: Not available.
Section 13: Disposal Considerations
aste Disposal:
Section 14: Transport Information
)T Classification: CLASS 5.1: Oxidizing material.
mtification: : Aluminum Nitrate UNNA: UN1438 PG: III
ipecial Provisions for Transport: Marine Pollutant
Section 15: Other Regulatory Information
ederal and State Regulations: TSCA 8(b)inventory: Aluminum nitrate nonahydrate
Hher Regulations: OSHA: Hazardous by definition of Hazard Communication Standard (29 CFR 1910.1200).
rther Classifications:
IrHMIS (Canada):
:LASS C: Oxidizing material. CLASS D-2B: Material causing othertoxic effects (TOXIC).
»SCL (EEC):












loves. Lab coat. Dust respirator. Be sure to use an approved/certified respirator or equivalent. Wear appropriate respirator
hen ventilation is inadequate. Splash goggles.
Section 16: Other Information
eferences: Not available.
ther Special Considerations: Not available.
reated: 10/11 /2005 11:15 AM
ist Updated: 05/21/2013 12:00 PM
?e information above is believed to be accurate and represents the best information currently available to us. However, \
ake no warranty ofmerchantability or any other warranty, express orimplied, with respect to such information, and we assun
)liability resulting from its use. Users should make their own investigations to determine the suitability ofthe information i
sirparticular purposes. In no event shall ScienceLab.com be liable for any claims, losses, or damages ofany third party or 1
st profits or any special, indirect, incidental, consequential or exemplary damages, howsoeverarising, evenifScienceLab.ee







Material Safety Data Sheet
Chromium MSDS
Section 1: Chemical Product and Company Identification
Product Name: Chromium
Catalog Codes: SLC4711, SLC3709
CAS#: 7440-47-3
RTECS: GB4200000
TSCA: TSCA 8(b) inventory: Chromium
Cl#: Not applicable.
Synonym: Chromium metal; Chrome; Chromium Metal










CHEMTREC (24HR Emergency Telephone), call:
1-800-424-9300
International CHEMTREC, call: 1-703-527-3887
For non-emergency assistance, call: 1-281-441-4400






Toxicological Data on Ingredients: Chromium LD50: Not available. LC50: Not available.
Section 3: Hazards Identification
% by Weight
100
Potential Acute Health Effects:
Hazardous in case of skin contact (irritant), of eye contact (irritant), of inhalation. Slightly hazardous in case of ingestion.
Potential Chronic Health Effects:
SfSA2SS^«™^CIS:A4 (Not c!assif,able for human <» animal.) by ACGIH, 3(Not classifiable for human.) by IARCMUTAGENIC EFFECTS: Not available. TERATOGENIC EFFECTS: Not available. DEVELOPMENTAL TOXICITY" Not
available. The substance may be toxic to kidneys, lungs, liver, upper respiratory tract. Repeated or prolonged exposure to the
substance can produce target organsdamage. '^
Section 4: First Aid Measures
Eye Contact:
Check for and remove any contact lenses. In case of contact, immediately flush eyes with plenty of water for at least 15
minutes. Get medical attention.
Skin Contact:
In case of contact, immediately flush skin with plenty of water. Cover the irritated skin with an emollient. Remove contaminal,
clothing and shoes. Wash clothing before reuse. Thoroughly clean shoes before reuse. Get medical attention. C°ntammat<
Serious Skin Contact:
Wash with a disinfectant soap and cover the contaminated skin with an anti-bacterial cream. Seek medical attention.
Inhalation:
If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, give oxygen. Get medical
duGntion.
Serious Inhalation: Not available.
Ingestion:
Do NOT induce vomiting unless directed to do so by medical personnel. Never give anything by mouth to an unconscious
person. Loosen fight clothing such as acollar, tie, belt or waistband. Get medical attention if symptoms appear.
Serious Ingestion: Not available.
Section 5: Fire and Explosion Data
Flammability of the Product: May becombustible at high temperature.
Auto-Ignition Temperature: 580°C (1076°F)
Flash Points: Not available.
Flammable Limits: Not available.
Products of Combustion: Some metallic oxides.
Fire Hazards in Presence of Various Substances:
Slightly flammable to flammable in presence of open flames and sparks, of heat. Non-flammable in presence of shocks.
Explosion Hazards in Presence of Various Substances:
Risks of explosion of the product in presence of mechanical impact: Not available. Risks of explosion of the product in
presence of static discharge. Notavailable. H
Fire Fighting Media and Instructions:
SMALL FIRE: Use DRY chemical powder. LARGE FIRE: Use water spray, fog or foam. Do not use water jet.
Special Remarks on Fire Hazards:
Moderate fire hazard when it is in the form of adust (powder) and burns rapidly when heated in flame. Chromium is attacked
vigorously by fused potassium chlorate producing vivid incandescence. Pyrophoric chromium unites with nTc oxide wifif
incandescence. Incandescent reaction with nitrogen oxideor sulfur dioxide.
Special Remarks on Explosion Hazards:
rpTmreouCslyra1rm "^ +fU$ed amm°niUm nitrate may react vio,ent,y or explosively. Powdered Chromium will explode
Section 6: Accidental Release Measures
Small Spill:
Use appropriate tools to put the spilled solid in aconvenient waste disposal container. Finish cleaning by spreading water on
the contaminated surface and dispose of according to local and regional authority requirements. angwaieron
Large Spill:
Use ashovel to put the material into aconvenient waste disposal container. Finish cleaning by spreading water on the
contaminated surface and allow to evacuate through the sanitary system. Be careful that the product is not present at a
concentration level above TLV. Check TLV on the MSDS and with local authorities
Section 7: Handling and Storage
Precautions:
Keep away from heat. Keep away from sources of ignition. Ground all equipment containina material Do nnt inn««t no »«♦breathe dust Wear suitable protective clothing. In case of insufficient ventilation, ^ wtebS^X^K^ingested, seek med,cai advice immediately and show the container or the label. Avoid contact S aneye^KeULa,
from mcompatibles such as oxidizing agents, acids, alkalis. y Pawa:
Storage: Keep container tightly closed. Keep container in a cool, well-ventilated area.
Section 8: Exposure Controls/Personal Protection
Engineering Controls:
Use process enclosures, local exhaust ventilation, or other engineering controls to keep airborne levels below recommended
oZ:ivZoi:zrations 9enerate dust'fume or mist-use venti,ation to k^™*-s^ss^
Personal Protection:
Splash goggles. Lab coat. Dust respirator. Be sure to use an approved/certified respirator or equivalent. Gloves.
Personal Protection in Case of a Large Spill:
Splash goggles. Full suit. Dust respirator. Boots. Gloves. Aself contained breathing apparatus should be used to avoid






TWA: 0.5 (mg/m3) from ACGIH (TLV) [United States] TWA: 1(mg/m3) from OSHA (PEL) [United Statesl TWA- n* ,mn/m^
Section 9: Physical and Chemical Properties
Physical state and appearance: Solid. (Metal solid.)
Odor: Odorless.
Taste: Not available.
Molecular Weight: 52 g/mole
Color: Silver-white to Grey.
pH (1% soln/water): Not applicable.
Boiling Point: 2642X (4787.6°F)
Melting Point: 1900°C (3452°F) +/- !0deg. C
Critical Temperature: Not available.
Specific Gravity: 7.14 (Water = 1)
Vapor Pressure: Not applicable.
Vapor Density: Not available.
Volatility: Not available.
Odor Threshold: Not available.
Water/Oil Dist. Coeff: Not available.
lonicity (in Water): Not available.
spersion Properties: Not available.
jlubility:
soluble in cold water, hot water. Soluble in acids (except Nitric), and strong alkalies.
Section 10: Stability and Reactivity Data
ability: The product is stable.
stability Temperature: Not available.
>nditions of Instability: Excess heat, incompatible materials
compatibility with various substances: Reactive with oxidizing agents, acids, alkalis.
trrosivity: Not available.
lecial Remarks on Reactivity:
;ompatible with molten Lithium at 180 deg. C, hydrogen peroxide, hydrochloric acid, sulfuric acid, most caustic alkalies and
;ali carbonates, potassium chlorate, sulfur dioxide, nitrogen oxide, bromine pentafluoride. Itmayreact violently or ignite witl
jminepentafluoride. Chromium is rapidly attacked byfused sodium hydroxide + potassium nitrate. Potentially hazardous
:ompatibility with strong oxidizers.
lecial Remarks on Corrosivity: Not available.
ilymerization: Will not occur.
Section 11: Toxicological Information
iutes of Entry: Inhalation. Ingestion.
xicity to Animals:
50: Not available. LC50: Not available.
ronic Effects on Humans:
iRCINOGENIC EFFECTS: A4 (Not classifiable for human oranimal.) byACGIH, 3 (Not classifiable for human.) by IARC.
iy cause damage to the following organs: kidneys, lungs, liver, upper respiratory tract.
ier Toxic Effects on Humans:
zardous in case of skin contact (irritant), of inhalation. Slightly hazardous in case of ingestion.
ecial Remarks on Toxicity to Animals: Not available.
ecial Remarks on Chronic Effects on Humans:
y cause cancer based on animal data. There is no evidence that exposure to trivalent chromium causes cancer in man.
ecial Remarks on other Toxic Effects on Humans:
jte Potential Health Effects: May cause skin irritation. Eyes: May cause mechanical eye irritation. Inhalation: May cause
ation ofthe respiratory tract and mucous membranes ofthe respiratory tract. Ingestion: May cause gastrointestinal tract
ation with nausea, vomiting, diarrhea. Chronic Potential Health Effects: Inhalation: The effects ofchronic exposure include
ation , sneezing, reddness ofthe throat, bronchospasm, asthma, cough, polyps, chronic inflammation, emphysema, chronii
nchitis, pharyngitis, bronchopneumonia, pneumoconoisis. Effects on the nose from chronic chromium exposure include
ation, ulceration, and perforation of the nasal septum. Inflammation and ulceration of the larynx may also occur. Ingestion
nhalation: Chronic exposure may cause liver and kidney damage.
^toxicity: Not available.
D5 and COD: Not available.
Section 12: Ecological Information
roducts of Biodegradation:
assibly hazardous short term degradation products are not likely. However, long term degradation products may arise.
jxicity of the Products of Biodegradation: The product itselfand its products of degradation are not toxic,
jecial Remarks on the Products of Biodegradation: Not available.
Section 13: Disposal Considerations
aste Disposal:
aste must be disposed of in accordance with federal, state and localenvironmental control regulations.
Section 14: Transport Information
DT Classification: Not a DOT controlled material (United States).
entification: Not applicable.
>ecial Provisions for Transport: Not applicable.
Section 15: Other Regulatory Information
deral and State Regulations:
mnecticut hazardous materialsurvey.: Chromium Illinois toxic substances disclosure to employee act: Chromium Illinois
emical safety act: Chromium New York release reporting list: Chromium Rhode island RTK hazardous substances:
iromium Pennsylvania RTK: Chromium Minnesota: Chromium Michigan critical material: Chromium Massachusetts
"K: Chromium Massachusetts spill list: Chromium New Jersey: Chromium New Jersey spill list: Chromium Louisiana spill
jorting: Chromium California Director's List of Hazardous Substances: Chromium TSCA 8(b) inventory: Chromium SARA
3 toxic chemical notification and release reporting: Chromium CERCLA: Hazardous substances.: Chromium- 5000 lbs
268 kg)
her Regulations:
>HA: Hazardous by definition of Hazard Communication Standard (29 CFR 1910.1200). EINECS: Thisproductis on the
ropean Inventory of Existing Commercial Chemical Substances.
her Classifications:
^IS (Canada): Not controlled under WHMIS (Canada).
»CL (EEC):
0- Limited evidence ofcarcinogenic effect S36/37/39- Wear suitable protective clothing, gloves and eye/face protection.












>ves. Lab coat. Dust respirator. Be sure to use an approved/certified respirator or equivalent. Splash goggles.
Section 16: Other Information
ferences: Not available.
ler Special Considerations: Not available.
jated: 10/10/2005 08:16 PM
st Updated: 05/21/2013 12:00 PM
3 information above is believed to be accurate and represents the best information currentlyavailable to us. However, v
ke no warranty ofmerchantability or any other warranty, express or implied, withrespect to such information, and we assun
liability resulting from its use. Users should make theirown investigations to determine the suitability of the information I
irparticular purposes. In no event shall ScienceLab.com be liable forany claims, losses, or damages of any third partyor i
fprofits orany special, indirect, incidental, consequential orexemplarydamages, howsoeverarising, even if ScienceLab.cc











air Lawn, NJ 07410
el: (201)796-7100
Material Safety Data Sheet
Revision Date 07-Jul-2009
1. PRODUCT AND COMPANY IDENTIFICATION
Lead(ll) nitrate
L61-3, L62-12LC, L62-100, L62-500
Lead dinitrate; Plumbous nitrate
Laboratory chemicals
Emergency Telephone Number
CHEMTREC®, Inside the USA: 800-
424-9300







Oxidizer. Contact withcombustible/organic material may cause fire. May cause cancer. Suspect cancer hazard. Harmful
byinhalation and ifswallowed. May cause eye, skin, and respiratory tract irritation . May cause central nervous system
iffects. May cause harm to the unborn child. Possible risk of impaired fertility. Dangerof cumulative effects. Very toxic to











Physical State Solid Odor odorless
Liver, Kidney, Central nervous system (CNS), Blood, Reproductive System
May cause irritation.
May cause irritation. May be harmful in contact with skin.
Harmful by inhalation. Maycause irritation of respiratory tract.
Harmful ifswallowed. Ingestion maycause gastrointestinal irritation, nausea, vomiting and
diarrhea.
May cause cancer. May cause harm to the unborn child. Mayimpairfertility. Danger of
cumulative effects. Maycause adverse livereffects. May cause adverse kidney effects.
;e Section 11 for additional Toxicological information
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Aggravated Medical Conditions
; 1 , _
No information available.




















4. FIRST AID MEASURES
Rinse immediately withplenty of water, also under the eyelids, for at least 15 minutes. Obtain
medical attention.
Wash off immediately with plenty of water for at least 15 minutes. Obtain medical attention.
Move to fresh air. If breathing is difficult, give oxygen. Do not use mouth-to-mouth resuscitation
ifvictim ingested or inhaled the substance; induce artificial respiration with a respiratory
medical device. Immediate medical attention is required.





Sensitivity to mechanical impact












pecific Hazards Arising from the Chemical
)xidizer: Contact with combustible/organic material may cause fire. Thermal decomposition can lead torelease ofirritating gases and
apors.
rotective Equipment and Precautions for Firefighters
s in any fire, wearself-contained breathing apparatus pressure-demand, MSHA/NIOSH (approved orequivalent) and full protective
ear
IFPA Health 2 Flammability 0 Instability 2 Physical hazards OX
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,
6. ACCIDENTAL RELEASE MEASURESv- "^"«"'"'- "c«-':"« mcwwuco
3ersonal Precautions Use personal protective equipment. Evacuate personnel to safeareas. Keep people away from
and upwind of spill/leak. Ensure adequate ventilation. Do not get in eyes, on skin, or on
clothing. Avoid dust formation.
Environmental Precautions Should not be released into the environment.
Methods for Containment and Clean Provide adequate ventilation. Keep combustibles (wood, paper, oil, etc)away from spilled
JP material. Sweep upor vacuum up spillage and collect in suitable container fordisposal. Avoid
dust formation.
7. HANDLING AND STORAGE
fondling Use only under a chemical fume hood. Wear personal protective equipment. Keep away from
clothing and other combustible materials. Avoid dust formation. Do not get in eyes, on skin, or
on clothing. Do not breathe dust.
Storage Keep containers tightly dosed in a dry, cool and well-ventilated place Do not store near
combustible materials.
8. EXPOSURE CONTROLS / PERSONAL PROTECTION j
Engineering Measures Useonly undera chemical fume hood. Ensureadequate ventilation, especially inconfined
areas. Ensure that eyewash stations and safety showers are dose to the workstation location
xposure Guidelines Thisproduct does notcontain any hazardous materials with occupational exposure limits
established by the region specific regulatory bodies.
HOSHIDLH: Immediately Dangerous to Life or Health
ersonal Protective Equipment
Eye/face Protection Wear appropriate protective eyeglassesor chemical safety goggles as described byOSHA's
eye and face protection regulations in 29 CFR 1910.133 or European Standard EN166.
Skin and body protection Wearappropriate protective glovesand clothing to preventskinexposure.
Respiratory Protection Follow the OSHA respirator regulations found in 29 CFR1910.134 or European Standard EN
149. Use a NIOSH/MSHA or European Standard EN 149 approved respirator ifexposure limits
are exceeded or if irritation or other symptoms are experienced.




dor Threshold No information available.
H 3-4 20% aq. sol.
apor Pressure negligible
apor Density No information available.
iscosity No information available.
oiling Point/Range No information available
elting Point/Range 470°C / 878°F
ecomposition temperature °C 470°C
ash Point No information available.
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Oxidizer: Contact with combustible/organic materialmay cause fire.
Avoid dust formation Incompatible products. Excess heat.
Combustible material
Strong reducing agents, Organic materials, Powdered metals
Nitrogen oxides (NOx), lead oxides
Hazardous polymerization does not occur.










No acute toxicity information is available for this product
No information available
No information available.
The table below indicates whether each agency has listed any ingredient as a carcinogen.
Component ACGIH IARC NTP OSHA Mexico
Lead nitrate Not listed Group 2A Not listed X Not listed
IARC: (International Agency for Research on Cancer)
IARC (International Agency for Research on Cancer)
Group 1 - Carcinogenic to Humans
Group 2A - Probably Carcinogenic to Humans




Mutagenic effects have occurred in humans.
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Experiments have shown reproductive toxicity effects on laboratory animals.
Developmental effects have occurred in experimental animals.
Teratogenic effects have occurred in experimental animals.




This product contains a chemical which is listed as a marine pollutant according to DOT
Ecotoxicity


















Chemical waste generators must determine whether a discarded chemical is classified as a
hazardous waste. Chemical waste generators must also consult local, regional, and national


































































E- Indicates asubstance that isthesubject ofaSection 5(e) Consent order under TSCA
F- Indicates a substance thatis the subject of aSection 5(f) Rule under TSCA
tssatsszssssssssr^XuSr—•*—--«—--«~- <^»
P - Indicates a commenced PMN substance
R-Indicates asubstance that is the subject ofaSection 6risk management rule under TSCA
?" n2C!£! asuJ>8tance that is identified in aproposed or final Significant New Use RuleT- Indicates asubstance that isthesubject ofaSection 4testrule under TSCA
P^tnTnd3!^ U"derthe •—*""P— Rute< - •«- «•—"9 of the TSCA inventory Data Base
Y1 -indicates an exempt polymer that has anumber-average molecular weight of 1,000 or greater
IL^Tjir^S^^Vr&2SZL1Z"'~* iTOm —- taetaS- !"-~"" - - - — reactante that
y^^^PlfllLR^uJations
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CWA - Toxic Pollutants CWA - Priority Pollutants






This material, as supplied, contains one or more substances regulatedas a hazardous substance under the Comprehensive
Environmental Response Compensation and Liability Act (CERCLA) (40 CFR 302)
Component Hazardous Substances RQs
Lead nitrate
California Proposition 65









Component Massachusetts New Jersey Pennsylvania Illinois Rhode Island
Lead nitrate X X X X
J.S. Department of Transportation
Reportable Quantity (RQ): Y
DOT Marine Pollutant Y
DOT Severe Marine Pollutant N
J.S. Department of Homeland Security
This product does not contain any DHS chemicals
Dther International Regulations
l/lexico - Grade No information available
Canada
This product has been classified in accordance with the hazard criteria of the Controlled Products Regulations (CPR) and the
ASDS contains all the information required by the CPR.
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The information provided on this Safety Data Sheet is correct to the best of our knowledge, information and belief at the date
3f its publication. The information given is designed only as a guide for safe handling, use, processing, storage,
transportation, disposal and release and is not to be considered as a warranty or quality specification. The information
•elates only to the specific material designated and may not be valid for such material used in combination with any other





Material Safety Data Sheet
Magnesium nitrate hexahydrate MSDS




'roduct Name: Magnesium nitrate hexahydrate Contact Information:
Catalog Codes: SLM2878 Sciencelab.com, Inc.
14025 Smith Rd.
:AS#: 13446-18-9 Houston, Texas 77396
ITECS: OM3750000 US Sales: 1-800-901-7247
.__. tc^a o/ux . m r International Sales: 1-281-441-4400SCA: TSCA 8(b) inventory: No products were found.
Order Online: ScienceLab.com
»l#: Not available.
CHEMTREC (24HR Emergency Telephone), call:
Synonym: 1-800-424-9300
Chemical Name: Magnesium Nitrate Hexahydrate International CHEMTREC, call: 1-703-527-3887
Chemical Formula: Mg(N03)2.6H20 For non-emergency assistance, call: 1-281-441-4400
Section 2: Composition and Information on Ingredients
mposition:
Name CAS # % by Weight
Magnesium nitrate hexahydrate 13446-18-9 100
ideological Data on Ingredients: Magnesium nitrate hexahydrate: ORAL (LD50): Acute: 5440 mg/kg [Rat].
Section 3: Hazards identification
tential Acute Health Effects:
zardous in case ofskin contact(irritant), ofeye contact (irritant), of ingestion, of inhalation (lung irritant). Prolonged
>osure may result in skin burns and ulcerations. Over-exposure by inhalation may cause respiratory irritation.
tential Chronic Health Effects:
zardous in case of ingestion, of inhalation. CARCINOGENICEFFECTS: Not available. MUTAGENIC EFFECTS: Not
iilable. TERATOGENIC EFFECTS: Not available. DEVELOPMENTAL TOXICITY: Not available. Thesubstance maybe
ic to blood, kidneys, lungs, gastrointestinal tract. Repeated orprolonged exposure to the substancecan produce target
ans damage.
Section 4: First Aid Measures
i Contact:
sck forand remove any contact lenses. In case of contact, immediatelyflush eyes with plenty of water for at least 15
lutes. Cold water may be used. Get medical attention.
n Contact:
:ase of contact, immediately flush skin with plenty of water. Cover the irritated skin with an emollient. Remove contaminate!
hing and shoes. Cold water may be used.Wash clothing before reuse. Thoroughly clean shoes before reuse. Get medical
sntion.
ious Skin Contact:
sh with a disinfectant soap and cover the contaminated skin with an anti-bacterial cream. Seek medical attention.
alation:
haled, remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, giveoxygen. Get medical
mtion.
ious Inhalation:
icuate the victim to a safe area as soon as possible. Loosen tight clothing such as a collar, tie, belt or waistband. If
athing is difficult, administer oxygen. Ifthe victim is not breathing, perform mouth-to-mouth resuscitation. Seek medical
ntion.
estion:
NOT induce vomiting unless directed to do so by medical personnel. Never give anything by mouth to an unconscious
son. Loosen tightclothing such as a collar, tie, beltor waistband. Get medical attention ifsymptomsappear.
ious Ingestion: Not available.
Section 5: Fire and Explosion Data
nmability of the Product: May be combustible at high temperature.
o-lgnition Temperature: Not available.
»h Points: CLOSED CUP: Higher than 93.3°C (200°F).
nmable Limits: Not available.
ducts of Combustion: Some metallic oxides.
: Hazards in Presence of Various Substances: Slightly flammable to flammable in presence of heat.
losion Hazards in Presence of Various Substances:
:s ofexplosion of the product in presence of mechanical impact: Not available. Risks ofexplosion of the product in
;ence of static discharge: Not available-
Fighting Media and Instructions:
Jizing material. Do not use water jet. Use flooding quantities of water. Avoid contact with organic materials.
cial Remarks on Fire Hazards: Not available.
cial Remarks on Explosion Hazards: Not available.
Section 6: Accidental Release Measures
ill Spill: Use appropriate tools to put the spilled solid in a convenient waste disposal container,
je Spill:
lizing material. Stopleak if without risk. Avoid contact with a combustible material (wood, paper, oil, clothing...). Keep
stancedamp using water spray. Do not touch spilled material. Prevent entry intosewers, basements or confined areas;
ifneeded. Eliminate all ignition sources. Call for assistance on disposal.
Section 7: Handling and Storage
cautions:
ip awayfrom heat. Keep away from sources of ignition. Keepaway from combustible material. Empty containers pose a
risk, evaporatethe residue under a fume hood. Do not ingest. Donot breathe dust. Wear suitableprotective clothing. In
bof insufficient ventilation, wear suitable respiratory equipment. If ingested, seek medical advice immediately and show th
tainer or the label. Avoid contact with skinand eyes. Keepaway from incompatibles such as reducing agents.
rage:
p container tightly closed. Keep container in a cool, well-ventilated area. Separate from acids, alkalies, reducing agents
combustibles. See NFPA 43A, Codefor the Storage ofLiquid and Solid Oxidizers. Do not store above23°C (73.4°F).
Section 8: Exposure Controls/Personal Protection
lineering Controls:
process enclosures, local exhaust ventilation, or other engineering controls to keep airborne levels below recommended
Dsure limits. Ifuser operations generate dust, fume or mist, use ventilation to keep exposure to airborne contaminants
iw the exposure limit.
sonal Protection:
ish goggles. Lab coat. Dust respirator. Be sure to use an approved/certified respirator or equivalent. Gloves.
sonal Protection in Case of a Large Spill:
ish goggles. Full suit. Dust respirator. Boots. Gloves. A self contained breathing apparatus should be used to avoid
lation of the product. Suggested protective clothing might not be sufficient; consult a specialist BEFORE handling this
luct.
osure Limits: Not available.
-—i—i
sical state and appearance: Solid. (Hygroscopic)
>r: Not available.
te: Not available.
scular Weight: 256.41 g/mole
>r: White.
1% soln/water): Not available.
ing Point: Decomposition temperature: 330°C (626°F)
ing Point: 89°C(192.2°F)
cal Temperature: Not available.
cific Gravity: 1.64 (Water = 1)
or Pressure: Not applicable.
ar Density: Not available.
tility: Not available.
r Threshold: Not available.
jr/Oil Dist. Coeff.. Not available.
:ity (in Water): Not available.
ersion Properties: See solubility in water.
bility: Easily soluble in cold water.
Section 9: Physical and Chemical Properties
Section 10: Stability and Reactivity Data
bility: The product is stable.
lability Temperature: Not available.
iditions of Instability: Not available.
ompatibility with various substances: Reactive with reducing agents.
rosivity: Non-corrosive in presence of glass.
scial Remarks on Reactivity:
irong oxidizer may cause violent combustion of oxidizable materials. Contact with dimethyl formamide, combustible,
anic, and oxidizable materials can generate heat, perhaps causing ignition and combustion. Possibly hygroscopic.
scial Remarks on Corrosivity: Not available.
ymerization: Will not occur.
Section 11: Toxicological Information
rtes of Entry: Eye contact. Inhalation. Ingestion.
icity to Animals: Acute oral toxicity (LD50): 5440 mg/kg [Rat].
onic Effects on Humans: May cause damage to the following organs: blood, kidneys, lungs, gastrointestinal tract.
er Toxic Effects on Humans: Hazardous in case of skin contact (irritant), of ingestion, of inhalation (lung irritant).
cial Remarks on Toxicity to Animals: Not available.
cial Remarks on Chronic Effects on Humans: Not available.
cial Remarks on other Toxic Effects on Humans:
•irritating to mucous memebranes. May affect lungs and central nervous system. Excessive amounts of magnesium
' cause central nervous system depression, and may also affect the heart. Other Chronic Effects: May cause
hemoglobinemia, which is characterized by chocolate-brown colored blood, headache, weakness, dizziness, breath
tness, cyanosis, rapid heart rate, unconsciousness and possible death. Repeated exposure may cause kidneydamage an
stive tract abnormalities. Effects may be delayed.
Section 12: Ecological Information
toxicity: Not available.
)5 and COD: Not available.
iucts of Biodegradation:
sibly hazardous short term degradation productsare not likely. However, long term degradation products may arise.
icity of the Products of Biodegradation: The products of degradation are more toxic.
cial Remarks on the Products of Biodegradation: Not available.
Section 13: Disposal Considerations
te Disposal:
Section 14: Transport Information
T Classification: CLASS 5.1: Oxidizing material.
ntification: : Magnesium nitrate UNNA: UN1474 PG: III
scial Provisions for Transport: Marine Pollutant
Section 15: Other Regulatory Information
leral and State Regulations: No products were found.
er Regulations: OSHA. Hazardous by definition of Hazard Communication Standard (29 CFR 1910.1200).
er Classifications:
MIS (Canada): CLASS C: Oxidizing material.
:L (EEC):
Contact with combustible material maycause fire. R36/37/38- Irritating to eyes, respiratory system and skin. S17- Keep












res. Lab coat. Dust respirator. Be sure to use an approved/certified respiratoror equivalent. Wear appropriate respirator
n ventilation is inadequate. Splash goggles.
Section 16: Other Information
irences: Not available.
»r Special Considerations: Not available.
ited: 10/10/2005 08:39 PM
Updated: 05/21/2013 12:00 PM
information above is believed to be accurate and represents the best information currently available to us. However, we
3no warranty of merchantability orany otherwarranty, express orimplied, with respect tosuch information, and we assume
ability resulting from its use. Users should make their own investigations to determine the suitability of the information for
particularpurposes. In noevent shall ScienceLab.com beliable for anyclaims, losses, ordamages ofanythird party orfor
profits oranyspecial, indirect, incidental, consequential orexemplary damages, howsoever arising, even ifScienceLab.com
been advised of the possibility of such damages.
P-
Material Safety Data Sheet
Nickel(II) nitrate hexahydrate
MSDSt 16370




N/1750/50, N/1750/53, N/1800/50, N/1800/60, N/1800NC
Synonyms:
Nickelous nitrate hexahydrate; Nitric acid, nickel (2+) salt,
hexahydrate; Nickel dinitrate hexahydrate.
Company Identification:Fisher Scientific UK
Bishop Meadow Road, Loughborough
Leics. LE11 5RG
For information in Europe, call:(01509) 231166
Emergency Number, Europe:
01509 231166
Section 2 - Composition, Information on Ingredients
CAS#: 13478-00-7
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Section 3 - Hazards Identification
EMERGENCY OVERVIEW
Harmful by inhalation and if swallowed. Irritating to skin. Risk of
serious damage to eyes. May cause sensitization by inhalation and
skin contact. Contact with combustible material may cause fire. May
cause cancer by inhalation. Toxic : danger of serious damage to
health by prolonged exposure through inhalation. May cause harm to
the unborn child. Very toxic to aquatic organisms, may cause




May cause severe eye irritation and possible injury.
Skin:
Causes skin irritation. May cause skin sensitization, an allergic
reaction, which becomes evident upon re-exposure to this material.
Ingestion:
May cause gastrointestinal irritation with nausea, vomiting and
diarrhea. May cause liver and kidney damage.
Inhalation:
Dust is irritating to the respiratory tract. May cause allergic
respiratory reaction. May cause methemoglobinemia, cyanosis (bluish
discoloration of skin due to deficient oxygenation of the blood),
convulsions, tachycardia, dyspnea (labored breathing), and death.
Chronic:
Prolonged inhalation may cause respiratory tract inflammation and
lung damage. Prolonged or repeated skin contact may cause
sensitization dermatitis and possible destruction and/or
ulceration.
May cause respiratory tract cancer. Possible risk of harm to the
unborn child.
Section 4 - First Aid Measures
eyes:
Skin:
Flush eyes with plenty of water for at least 15 minutes,
occasionally lifting the upper and lower eyelids. Get medical aid.
Flush skin with plenty of water for at least 15 minutes while
removing contaminated clothing and shoes. Get medical aid if
irritation develops or persists.
Ingestion:
If victim is conscious and alert, give 2-4 cupfuls of milk or
water.
Never give anything by mouth to an unconscious person. Get medical
aid immediately.
Inhalation:
Remove from exposure and move to fresh air immediately. If not
breathing, give artificial respiration. If breathing is difficult,
give oxygen. Get medical aid.
Notes to Physician:
Section 5 - Fire Fighting Measures
General Information:
As in any fire, wear a self-contained breathing apparatus in
pressure-demand, MSHA/NIOSH (approved or equivalent), and full
protective gear. Strong oxidizer. Contact with other material may
cause, fire. During a fire, irritating and highly toxic gases may be
generated by thermal decomposition or combustion. Use water spray
to
Vapors
keep fire-exposed containers cool. Substance is nonflammable.
may be heavier than air. They can spread along the ground and
collect in low or confined areas. Containers may explode if exposed
to fire.
Extinguishing Media:
Use water spray to cool fire-exposed containers. Substance is
noncombustible; use agent most appropriate to extinguish
surrounding
fire. For large fires flood fire with water from a distance. Do NOT
use dry chemicals, C02, Halon or foams.
Section 6 - Accidental Release Measures
General Information:
Use proper personal protective equipment as indicated in Section 8.
Spills/Leaks:
Avoid runoff into storm sewers and ditches which lead to waterways.
Clean up spills immediately, observing precautions in the
Protective
Equipment section. Wear a self contained breathing apparatus and
appropriate personal protection. (See Exposure Controls, Personal
Protection section). Avoid generating dusty conditions. Remove all
sources of ignition. Carefully scoop up and place into appropriate
disposal container. Provide ventilation.
Section 7 - Handling and Storage
Handling:
Wash thoroughly after handling. Remove contaminated clothing and
Do
Storage:
wash before reuse. Minimize dust generation and accumulation. Avoid
contact with eyes, skin, and clothing. Wash clothing before reuse.
not breathe dust or fumes. Use only with adequate ventilation.
Do not store near combustible materials. Store in a tightly closed
container. Store in a cool, dry, well-ventilated area away from
incompatible substances. Keep away from reducing agents.
Section 8 - Exposure Controls, Personal Protection
Engineering Controls:
Facilities storing or utilizing this material should be equipped
with an eyewash facility and a safety shower. Use adequate general
or




United Kingdom, WEL - TWA: ( nickel, inorganic compounds, soluble):
0.1 mg/m.3 TWA (as Ni)
United Kingdom, WEL - STEL: ( nickel, inorganic compounds, soluble):
0.3 mg/m3 STEL (as Ni)
United States OSHA: 1 mg/m3 TWA (as Ni) (Nickel soluble compounds).
Belgium - TWA: ( nickel soluble compounds): 0.1 mg/m3 VLE (as Ni)
Malaysia: ( nickel soluble compounds): 0.1 mg/m3 TWA (inhalable
fraction, as Ni)
Netherlands: ( nickel soluble compounds): 0.1 mg/m3 MAC (as Ni)
Spain: ( nickel soluble compounds): 0.1 mg/m3 VLA-ED (as Ni)
CASi 13478-00-7:
United Kingdom, WEL - TWA: ( nickel, inorganic compounds, soluble):
0.1 mg/m3 TWA (as Ni)
United Kingdom, WEL - STEL: ( nickel, inorganic compounds, soluble):
0.3 mg/m3 STEL (as Ni)
United States OSHA: 1 mg/m3 TWA (as Ni) (Nickel soluble compounds).
Belgium - TWA: ( nickel soluble compounds): 0.1 mg/m3 VLE (as Ni)
Malaysia: ( nickel soluble compounds): 0.1 mg/m3 TWA (inhalable
fraction, as Ni)
Netherlands: ( nickel soluble compounds): 0.1 mg/m3 MAC (as Ni)
Spain: ( nickel soluble compounds): 0.1 mg/m3 VLA-ED (as Ni)
Personal Protective Equipment
Eyes:
Wear appropriate protective eyeglasses or chemical
safety goggles as described by OSHA's eye and face





Wear appropriate protective gloves to prevent skin
exposure.
Wear appropriate protective clothing to prevent skin
exposure.
Follow the OSHA respirator regulations found in 29
CFR 1910.134 or European Standard EN 149. Use a
NIOSH/MSHA or European Standard EN 149 approved
respirator if exposure limits are exceeded or if
irritation or other symptoms are experienced.




pH: 4.0 (aqueous sol.)
Vapor Pressure: Negligible
Viscosity: Not available
Boiling Point: 137 deg C ( 278.60i_iF)
Freezing/Melting Point: 56.7 deg C ( 134t06QF)
Autoignition Temperature: Not applicable
Flash Point: Not applicable.
Explosion Limits: Lower:Not available
Explosion Limits: Upper:Not available
Decomposition Temperature:




Section 10 - Stability and Reactivity
Chemical Stability:
Stable under normal temperatures and pressures.
Conditions to Avoid:
Dust generation.
Incompatibilities with Other Materials
Strong reducing agents, combustible materials, flammable liquids.
Hazardous Decomposition Products
Nitrogen oxides, irritating and toxic fumes and gases, nickel
oxide.
Hazardous Polymerization
Has not been reported.






RTECS: CAS# 13478-00-7: Oral, rat: LD50 = 1620
mg/kg;.
Carcinogenicity:
Nickel dinitrate anhydrous -
California: carcinogen, initial date 5/7/04 (Nickel compounds).
NTP: Known carcinogen (Nickel compounds).
I7ARC: Group I carcinogen (Nickel compounds) .
Nickel dinitrate hexahydrate -
California: carcinogen, initial date 5/7/04 (Nickel compounds).
NTP: Known carcinogen (Nickel compounds).
IARC: Group 1 carcinogen
Other:
See actual entry in RTECS for complete information.
Section 12 - Ecological Information
Not available
Section 13 - Disposal Considerations
Products considered hazardous for supply are classified as Special
Waste and the disposal of such chemicals is covered by regulations
which may vary according to location.
Contact a specialist disposal company or the local authority or
advice. Empty containers must be decontaminated before returning for
recycling.
IATA













Section 15 - Regulatory Information
Regulations




















R 49 May cause cancer by inhalation.
R 61 May cause harm to the unborn child.
R 20/22 Harmful by inhalation and if swallowed.
R 38 Irritating to skin.
R. 41 Risk of serious damage to eyes.
R 42/43 May cause sensitization by inhalation and
skin contact.
R 48/23 Toxic : danger of serious damage to health
by prolonged exposure through inhalation.
R 50/53 Very toxic to aquatic organisms, may cause
long-term adverse effects in the aquatic environment.
R 68 Possible risk of irreversible effects.
R 8 Contact with combustible material may cause
fire.
S 53 Avoid exposure - obtain special instructions
before use.
S 45 In case of accident or if you feel unwell, seek
medical advice immediately (show the label where
possible).
S 60 This material and its container must be
disposed of as hazardous waste.
S 61 Avoid release to the environment. Refer to
special instructions/safety data sheets.
WGK (Water Danger/Protection)
CASf 13138-45-9: 2
CAS# 13478-00-7: Not available
Canada





is listed on the TSCA Inventory.
is not on the TSCA Inventory because it
It is considered to be listed if the CAS number for the
the
Section 16 - Other Information
is a hydrate,
anhydrous form in on





Revisions were made in Sections:
2, 3, 9, 11, 14, 15, 16
The information above is believer) t-^ k^ -,„
,~, _ -, y Lllc iin.orniation tor their nsrt i ,-mI =>-
DOS„lH, t!„"lng' eZen lf the company has been advised of thepossibility of such damages.
"f }Fisher Scientific
Material Safety Data Sheet
odium carbonate decahydrate
4SDS# 21083
Section 1 - Chemical Product and Company Identification
1SDS Name: Sodium carbonate decahydrate
atalog AC213500000, AC213500010, AC213500025. AC271070000. AC27I070025, S264500, S2653
[umbers: S265500
ynonyms: Sal soda; Washing soda.
Fisher Scientific
ompany Identification: One Reagent Lane
Fair Lawn, NJ 07410
or information in the US, call: 201 -796-7100
mergency Number US: 201-796-7100
HEMTREC Phone Number, US: 800-424-9300
Section 2 - Composition, Information on Ingredients
Phrases:
>#: 6132-02-1




for R-phrases: see Section 16
Hazard Symbols: XI
Risk Phrases: 36
Section 3 - Hazards Identification
EMERGENCY OVERVIEW
farning! Contact with skin causes irritation and possible bums, especially if the skin iswet or moist. May cause severe ej
ritation and possible injury. May cause severe respiratory and digestive tract irritation with possible burns. Target Organs
None,
rtential Health Effects
re: Contactwith eyes may causesevere irritation, and possible eye burns.
:in: Contact with skin causes irritation and possible bums,especially if the skin is wet or moist.
gestion: May cause severe gastrointestinal tract irritation with nausea, vomiting and possible bums.
halation- May cause •n*itation ofthe respiratory tract with burning pain in the nose and throat, coughing, wheezing,
' shortness of breath and pulmonary edema.
Prolonged or repeated inhalation may cause nosebleeds, nasal congestion, erosion of the teeth, perforation of th
nasal septum, chest pain and bronchitis.
Section 4 - First Aid Measures
iron ic
es:
Immediately flush eyes with plenty of water for at least 15 minutes, occasionally lifting theupper and lower
eyelids. Get medical aid immediately.
„i,:_ ...uu
estion- Do not induce vomiting. Ifvictim is conscious and alert, give 2-4 cupfuls ofmilk or water. Never give
anything by mouth to an unconscious person. Get medical aid.
Remove from exposure and move tofresh air immediately. Ifnot breathing, give artificial respiration. If




Section 5 - Fire Fighting Measures
As in any fire, wear a self-contained breathing apparatus in pressure-demand, MSHA/NIOSH (approved
orequivalent), and full protective gear. During a fire, irritating and highly toxic gases may be generated by
jeneral thermal decomposition orcombustion. Wear appropriate protective clothing toprevent contact with skin
nformation: andeyes. Wear a self-contained breathing apparatus (SCBA) to prevent contact with thermal
decomposition products. Vapors may be heavier than air. They can spread along the ground and collect in
low or confined areas.




Flash Point: Not available
Explosion >T . ....
, . . , Not available
Limits: Lower:
Explosion xr . ....
r. . ,. Not availableLimits: Upper:
NFPA Rating: NFPA Rating:
Section 6 - Accidental Release Measures
jeneral rT . . . ....tif rm t' • proper personal protective equipment as indicated in Section 8.
Vacuum orsweep up material and place into a suitable disposal container. Clean up spills immediately,
pills/Leaks: observing precautions in the Protective Equipment section. Avoid generating dusty conditions. Provide
ventilation.
Section 7 - Handling and Storage
Wash thoroughly after handling. Remove contaminated clothing and wash before reuse. Use only ina well-
landling: ventilated area. Do not get in eyes, on skin, oron clothing. Keep container tightly closed. Avoid ingestion and
inhalation. Wash clothing before reuse.
torage: Store ina tightly closed container. Store ina cool, dry, well-ventilated areajiway from incompatible substances.
Section 8 - Exposure Controls, Personal Protection
+ + + +
Chemical Name | ACGIH | NIOSH |OSHA - Final PELs I
, , , ,
Sodium carbonate anInone listed Inone listed Inone listed |
hydrous j | I I
, , , |
Sodium carbonate, d|none listed Inone listed Inone listed |
ecahydrate I | I j
+ + + +
SHA Vacated PELs: Sodium carbonate anhydrous: None listed Sodium carbonate, decahydrate: None listed
ngineering Controls:
Good general ventilation should be sufficient to control airborne levels. Facilities storing or utilizing this material
should be equipped with an eyewash facility anda safety shower,
xposure Limits
ersonal Protective Equipment
yes- Wcar aPProP"ate protective eyeglasses or chemical safety goggles as described by OSHA's eye and face
lothing: Wear appropriate protective clothing to minimize contact with skin.
Follow the OSHA respirator regulations found in 29 CFR 1910.134 or European Standard EN 149. Use
tespirators: NIOSH/MSHA or European Standard EN 149approved respirator if exposure limits are exceeded or if
irritation or other symptoms are experienced.
Section 9 - Physical and Chemical Properties
Physical State: Solid
Color: colorless, white semi-transparent
Odor: none reported
pH: 11.5 @ 1% solution
Vapor Pressure: Not applicable.
Vapor Density: 9.9
Evaporation Rate: Not applicable.
Viscosity: Not applicable.
Boiling Point: Not applicable.
Freezing/Melting Point: 34 deg C ( 93.20°F)
Decomposition Temperature: Not available
Solubility in water: Soluble
Specific Gravity/Density: 1.46
Molecular Formula: Na2C03.10H2O
Molecular Weight: 286. Ii 18
Section 10 - Stability and Reactivity
Stableat roomtemperature in closed containers under normal storageand handling conditions,
hemicai Stability: Decomposed by acids with effervescence, evolution ofcarbon dioxide. Readily effloresces (lose:
water molecules of hydration) on exposure to air, leaving a powdery coating on the material.
onditions to Avoid: Dust generation, prolonged exposure to air.
icompatibilities with . ., ,\~ . , Acids, aluminum,
•ther Materials
azardous






Has not been reported.
Section 11 - Toxicological Information
CAS# 497-19-8: VZ4050000
CAS# 6132-02-1: None listed
RTECS:
CAS# 497-19-8: Draize test, rabbit, eye: 100 mg/24H Moderate;
Draize test, rabbit, eye: 50 mg Severe;
Draize test, rabbit, skin: 500 mg/24H Mild;
Inhalation, mouse: LC50 = 1200 mg/m3/2H;
D50/LC50- InhaIaticm> rat: LC50 =2300 mg/m3/2H;
Oral, mouse: LD50 = 6600 mg/kg;
Oral, mouse: LD50 = 6600 mg/kg;
Oral, rat: LD50 = 4090 mg/kg;
RTECS:
CAS# 6132-02-1:.
Sodium carbonate anhydrous - Not listed as a carcinogen by ACGIH, IARC. NTP, or CA Prop 65.
Sodium carbonate,decahydrate - Not listedas a carcinogen by ACGLH, IARC, NTP, or CA Prop 65.
ther: See actual entry in RTECS for complete information.
^l^rtinn 19- Fr*nlnmral Tnfnrmsifinri
Section 13 - Disposal Considerations
Dispose of in a manner consistent with federal, state, and iocai regulations.
Section 14 - Transport Information
DOT









Section 15 - Regulatory Information
European/International Regulations
European Labeling in Accordance with EC Directives
Hazard Symbols: XI
Risk Phrases:
R 36 Irritating to eyes.
Safety Phrases:
S 22 Do not breathe dust.
S 26 In case of contact with eyes, rinse immediately with plenty of water andseekmedical advice.
WGK (Water Danger/Protection)
.* CAS# 497-19-8: 1
CAS# 6132-02-1: 1
Canada
CAS# 497-19-8 is listed on Canada's DSL List
Canadian WHMIS Classifications: DIB, E
This product has been classified in accordance with the hazard criteria ofthe Controlled Products Regulations
and the MSDS contains ail of the information required by those regulations.
CAS# 497-19-8 is listedon Canada's Ingredient Disclosure List
CAS# 6132-02-1 is not listed on Canada's Ingredient Disclosure List.
Federal
TSCA
CAS#497-19-8 is listed on theTSCA Inventory.
CAS# 6132-02-1 isnoton the TSCA Inventory because it isa hydrate. It is considered to be listed ifthe CAS
number for the anhydrous form inon the Inventory (40CFR720.3(ii)(2)).
Section 16 - Other Information
MSDS Creation Date: 7/24/1998
Revision #6 Date 7/20/2009
The information above is believed to be accurate and represents the best information currently available
to us. However, we make no warranty ofmerchanfibility or any other warranty, express or implied,
with respect to such information, and we assume no liability resulting from its use. Users should make
their own investigations to determine the suitability ofthe information for their particular purposes. In no
event shall the company be liable for any claims, losses, or damages ofany third party or for lost profits
iii* anv wr*w»,t-i'Ai iwtln*i-±t-*l in/*i/lui-
